INTRODUCTION
Despite the theoretical impossibility of price patterns existence in the financial markets (Efficient Market Hypothesis -EMH, see Fama, 1965 for details), there is much empirical evidence in their favor. Among them are calendar anomalies (day of the week effect, month of the year effect, Halloween effect, turn of the month effect, etc.), price reactions and dependence on different variables (economic and political factors), price behavior after force majeure events, and many others including price overreactions.
Overreactions are significant deviations of asset prices from their average values during certain periods (Hong & Stein, 1999) . These periods can be months long (De Bondt & Thaler, 1985) , but can last days as well (Atkins & Dyl, 1990) . From the position of price distribution, overreactions are fat tails or abnormal returns (Plastun, Makarenko, Khomutenko, Belinska, & Domashenko, 2018) .
General consensus in academic literature is as follows: after the overreactions, prices tend to move in the opposite direction (Jegadeesh & Titman, 1993; Ferri & Min, 1996) . So contrarian effect is observed. But for some cases (like cryptocurrency market) momentum effect after one-day abnormal returns is detected (Caporale & Plastun, 2019) .
Despite decades of attention paid to the market overreactions, there are still objects of interest and unexplored aspects. One of them is overreaction microstructure. What is going on inside the market overreaction? Are there any differences in intraday behavior on prices on days of overreaction and usual days? Are there any specific patterns? Can they be exploited? What is going on after the day of overreaction if we will look at this day under the microscope? Answers to these questions can be interesting both for academics and practitioners.
The present paper aims to analyze these aspects and to fill the existing gaps in the overreaction theory. One more motivation is to explore the Ukrainian stock market, which is relatively unexplored in the academic literature: there only a few studies on anomalies in the Ukrainian stock market (Caporale & Plastun, 2017) . To do this, we analyze data from Ukrainian stock exchange by focusing on UX futures (UX is a leading Ukrainian stock market index) over the period from May 18, 2010 till June 15, 2018. Overreactions are the defined by using dynamic trigger values approach (Wong, 1997) and are divided into two data sets: positive and negative overreactions. Then various hypotheses of interest are tested to see whether intraday behavior of hourly returns on days of overreaction differs from those on usual days, and are there any patterns in intraday price dynamics on days of overreaction and after the days of overreaction. For this purpose, a variety of statistical methods, as well as cumulative abnormal returns and trading simulation approaches, are used.
LITERATURE REVIEW
Abnormal price changes in the financial markets are the object of interest both from the academicians and practitioners. Academicians are interested in their drivers (Aiyagari & Gertler, 1999 Hundreds of papers analyzed the overreactions in the different markets (stock market, FOREX, commodities, etc.), different countries (both developed and emerging), different time frequencies (daily, weekly, monthly, etc.) and different assets (currency pairs, stocks, oil, gold, and many others). General consensus was summarized by so-called overreaction hypothesis: if investors overreact in a given period, they are expected to move in the opposite direction in the following period. A lot of empirical evidence was detected in this favor since the 80-s of the XX century. Among them are Brown, Harlow, and Tinic (1988), Atkins and Dyl (1990) , Ferri and Min (1996) , who confirmed the overreaction hypothesis in the US stock market; Fung (1999) confirms overreactions in the Hong Kong stock market; Gunaratne and Yonesawa (1997) analyzed return reversals after overreactions in the Tokyo stock exchange; Lobe and Rieks (2011) find significant evidence of overreaction on the Frankfurt stock exchange; Maher and Parikh (2011) find abnormal volatility patterns in the Indian stock market; Cutler, Poterba, and Summers (1991) find the evidence in the gold market; Larson and Madura (2003) analyzed the case of the FOREX.
Despite a very large number of papers devoted to the price overreactions, the question of overreaction microstructure is still unexplored. The present study is the first to conduct a systematic analysis of Ukrainian stock market behavior during a day of overreaction and the day after. Positive/negative overreactions are defined based on the standard deviations to be added/extracted to/from the average return. In order to deal with the most abnormal cases, the number of standard deviations is 2.
DATA AND METHODOLOGY
Days with positive abnormal returns (positive overreactions) are defined as follows:
Days with negative abnormal returns (negative overreactions) as:
where n R is the average size of daily returns for period , n and n δ is the standard deviation of daily returns for period . n
The following hypotheses are tested in this paper:
H1: Behavior of hourly returns on overreaction days differs from hourly returns on normal days.
H2: There are price patterns on overreaction days.
H3: There are price patterns after overreaction days.
To test these hypotheses, visual inspection and average analysis are used, as well as t-tests, cumulative abnormal returns, and trading simulation approaches.
In this paper, we use modified cumulative abnormal returns approach (CAR) proposed by Caporale and Plastun (2019) . The cumulative abnormal return denoted as i CAR is simply the sum of the abnormal returns:
where i AR -abnormal hourly returns defined as:
where t R is hourly return at time t and ( ) t ER is corresponding average return computed over the whole sample period as follows: (7) where T is the sample size.
The trading simulation approach aims to replicate the actions of traders by using appropriate algorithms for trading strategies based on the detected anomalies. This allows establishing whether the detected price patterns can be exploited to generate abnormal profits. Indicators of efficiency are profits from trading and percentage of successful trades.
To make sure that simulated trading results are statistically different from the random trading ones, t-tests are carried out.
There are some limitations to the variation of the trading simulation approach used in this paper. Transaction costs such as spreads, broker or bank fees, swaps, etc. are not incorporated in the trading results. As a result, real trading efficiency based on the proposed strategies may differ from the simulation. However, nowadays, transaction costs are rather small, and overall results will stay the same.
EMPIRICAL RESULTS
In order to incorporate possible differences in results for the negative and positive overreactions, we divide the results into two groups. Those for the days with positive abnormal returns and those for the days with negative returns. Next, we divide these data sets into additional sub data sets to explore price behavior on the day of the overreaction and the day after the overreaction. Overall we deal with four sets of data in two time dimensions: daily and hourly.
We start with the day of overreaction data. Visual inspection of price behavior inside the day of overreaction shows the presence of significant differences between returns on the day of overreaction and usual (normal) day (Figures 1 and 2) . To show that these differences are statistically significant, we perform t-tests (Tables 1 and 2) . T-test statistics confirm that these differences are statistically significant: hourly returns on overreaction days are statistically higher (lower) than those on usual days.
Another important observation is persistence of price dynamics during the overreaction day: on day of positive abnormal returns, prices tend to increase during the whole day and to decrease on days with negative abnormal returns (Figure 3 ).
To show that this observation has practical implications and generate important information about prices in the Ukrainian stock market and their behavior, we perform CAR analysis (Table 3) . Parameter "Overreaction cross" shows a moment when the actual prices exceed the size of return to detect overreaction. As can be seen for the case of positive overreactions, it is 14:00 and 13:00 for the negative overreactions. It means that in general, in the middle of the day, it can be concluded that we have an overreaction day. As a result, traders and investors have sufficient time to exploit momentum effect on the day of overreaction.
To see whether detected momentum effect gives rise to exploitable trading opportunities, the following momentum trading strategy is developed. Momentum Strategy: when it becomes clear that the current day is an overreaction day (the timing of overreaction parameter is provided in Table 3 ), a position in the direction of overreaction should be opened. This position should then be closed at the end of the day.
The trading simulation results for the Momentum Strategy are presented in Table 4 .
As can be seen, detected price pattern can act as a basis for the efficient trading strategy. A number of successful trades is close to 90%, the strategy is profitable, and this is not the result of coincidence (t-test is passed -trading results differ from the random ones). Concerning price behavior on the day after overreactions, average hourly returns in the Ukrainian stock market after positive and negative overreactions differ from those on normal days (Figures 4 and 5 ).
But these differences are statistically significant (Tables 5 and 6 ) only for selected hours for the case of positive overreactions.
Behavior of cumulative abnormal returns (Table  7 and Figure 6 ) evidence in favor of contrarian ef- fect: on the following day, prices tend to move in the direction opposite to the overreaction.
Based on Table 7 , specific price patterns and their timings can be determined. For example, there is a certain momentum effect during first 2 hours of trading on the day after the overreaction, but all the rest of time -strong evidence in favor of contrarian effect is detected.
Based on these results, the following trading strategy can be developed. Contrarian Strategy (basic): at the beginning of the trading session (at 10:00) after the overreaction, a position in the direction opposite to the overreaction should be opened. This position should be closed on the end of the day.
Contrarian Strategy (modified): at 12:00, a position in the direction opposite to the overreaction should be opened. This position should be closed at the end of the day.
The trading simulation results for the Contrarian Strategy is presented in Table 8 .
As can be seen, modified strategy provides better results. But overall, Contrarian Strategy demonstrates low efficiency, and results do not differ from random trading.
Overall findings of this paper can be summarized as follows:
1. There are differences between intraday dynamics during the usual days and the overreactions day. For most of the cases, these differences are statistically significant.
2. There is a strong momentum effect present on the day of overreaction: prices tend to change only in the direction of the overreaction during the whole day.
3. Usually, the fact of the overreaction becomes clear after 13:00-14:00. This gives a lot of time to explore the momentum effect in the day of overreaction.
The overreaction hypothesis is confirmed:
there is a contrarian pattern present (on the day after the overreaction prices tend to go in the opposite direction).
5.
Contrarian movement starts 2 hours after the start of the day after the overreaction and lasts till the end of the day.
So, we find confirmations in favor of overreaction hypothesis. But what is most important we define the timing of these processes, which is crucial for practical implications.
As a result, some rules of trading are proposed:
6. When it becomes clear that the overreaction is present, positions in the direction of the overreaction should be opened. These positions should be hold till the end of the day.
7. On the start of the day after the overreaction, contrarian positions to the direction of the overreaction need to be opened. These positions should be hold till the end of the day.
8.
To improve the efficiency of the mentioned above trading rules, specific timing parameters calculated in this paper can be used.
Practical implications of this paper are trading strategies developed based on proposed rules of trading:
• Momentum Strategy: when it becomes clear that the current day is an overreaction day (the timing of overreaction parameter is provided in the paper), a position in the direction of overreaction should be opened. This position should then be closed at the end of the day;
• Contrarian Strategy (basic): at the beginning of the trading session (at 10:00) after the overreaction, a position in the direction opposite to the overreaction should be opened. This position should be closed at the end of the day;
• Contrarian Strategy (modified): at 12:00, a position in the direction opposite to the overreaction should be opened. This position should be closed at the end of the day.
CONCLUSION
This paper examines momentum and contrarian effects in the Ukrainian stock market after one-day abnormal returns. To do this historical data for the UX futures (both daily and hourly) over the period from January 1, 2008 till December 31, 2018 are used. Overreactions are detected based on dynamic trigger approach. Several data sets are formed as a result: positive and negative overreactions both for the case of the day of overreaction and day after the overreaction. Intraday price behavior during the day of overreaction and the day after the overreaction is analyzed. To do this, various statistical tests are used, as well as cumulative abnormal returns, and trading simulation approaches. The following hypotheses are tested: behavior of hourly returns on overreaction days differs from hourly returns on normal days (H1), there are price patterns on overreaction days (H2), and there are price patterns after overreaction days (H3).
We find statistically significant differences between intraday dynamics during the usual days and overreaction days. There is a strong momentum effect present on the day of overreaction: prices tend to change only in the direction of the overreaction during the whole day. The overreaction hypothesis is confirmed: on the day after overreaction, prices in the Ukrainian stock market tend to move in the opposite direction.
Detected anomalies for the case of overreaction day (momentum effect) are not just statistical phenomena, but real market inefficiencies because they allow generating abnormal profits from trading.
The following trading strategies are developed based on the results of the paper:
Momentum Strategy generates several successful trades, with their number being close to 90%, and is profitable (trading results differ from the random ones -confirmed by t-tests).
Contrarian Strategy demonstrates low efficiency, and results do not differ from random trading.
Results of this paper can be useful both for academicians (additional evidence in favor of the overreaction hypothesis and brand new analysis of the overreaction effects) and practitioners (specific parameters for trading strategies based on market overreactions are defined, concrete trading strategies are developed and tested for the efficiency).
